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BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a zoom lens 
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having an image stabilizing function, and, more 
particularly, to a zoom lens having an image stabilizing 
function, which is suited for a television camera, a 
photographic camera, a video camera or the like, and 
which has high optical performance over the entire range 
of variable magnification even during an image 
stabilizing operation in which a lens unit that is a part 
of the lens system is made to move in a direction 
perpendicular to the optical axis so as to correct an 
image shake caused by the vibration of the zoom lens for 
the purpose of obtaining a stationary image, with the 
construction of the zoom lens, such as the refractive 
power arrangement of the whole zoom lens and the 
arrangement of the moving lens units for the variation of 
magnification, appropriately set. Further, the present 
invention relates to a photographing apparatus having 
such a zoom lens. 

Description of Related Art 



photographic camera, a video camera or the like, there 
has been a demand for a zoom lens having high optical 
performance while having a large relative aperture and a 
high variable magnification ratio. 



Heretofore, for use with a television camera, a 



In addition to such a demand, in the case of a 
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color television camera for broadcasting, in particular, 
importance is attached to operability and mobility. In 
response to such a requirement, the usage of a CCD 
(charge-coupled device) of 2/3 inch or 1/2 inch has 
become the mainstream for an image pickup device in the 
color television camera. 

Since the CCD has an almost uniform resolution 
over the entire image pickup range, a zoom lens to be 
associated with the CCD is also required to have an 
almost uniform resolution from the center of an image 
plane to the periphery thereof. 

For example, the zoom lens is required to have 
the various aberrations, such as coma, astigmatism and 
distortion, corrected well and to have high optical 
performance over the entire image plane. In addition, 
the zoom lens is required to have a large relative 
aperture, a wide angle of view and a high variable 
magnification ratio while being small in size and light 
in weight, and moreover to have a long back focal 
distance for enabling a color separation optical system 
and a variety of filters to be disposed in front of an 
image pickup means . 

In addition, it has become a large problem to 
suppress an image shake caused by the vibration of a 
photographing system which has a long focal length or the 
vibration of hands holding the photographing system. 
Accordingly, a demand for an image stabilizing function 
of preventing an image shake has risen. Under the 
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circumstances, there have been proposed a variety of 
types of image stabilizing methods. 

In Japanese Laid-Open Patent Application No. Sho 
61-223819, there has been proposed a photographing system 
in which a refraction-type variable angle prism is 
disposed on the most object side of the photographing 
system so as to stabilize an image by varying an apex 
angle of the refraction-type variable angle prism 
according to the vibration of the photographing system. 

In Japanese Laid-Open Patent Application No. Hei 

1- 116619, Japanese Laid-Open Patent Application No. Hei 

2- 124521, etc., there has been proposed a method of 
obtaining a stationary image by detecting the vibration 
of a photographing system by means of an acceleration 
sensor or the like and causing a lens unit that is a part 
of the photographing system to shift in a direction 
perpendicular to the optical axis according to a signal 
obtained by the acceleration sensor or the like. 

In Japanese Laid-Open Patent Application No. Hei 
7-92431, there has been proposed a zoom lens comprising 
four lens units, i.e., in order from the object side, a 
first lens unit of positive refractive power, a second 
lens unit of negative refractive power, a third lens unit 
of positive refractive power and a fourth lens unit of 
positive refractive power, in which the fourth lens unit 
is composed of a front lens subunit of positive 
refractive power and a rear lens subunit of positive 
refractive power, and the shaking of a photographed image 
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caused by the vibration of the zoom lens is corrected by 
moving the front lens subunit in a direction 
perpendicular to the optical axis. 

In Japanese Laid-Open Patent Application No. Hei 
10-90601, there has been proposed a zoom lens comprising 
five lens units, i.e., in order from the object side, a 
first lens unit of positive refractive power, a second 
lens unit of negative refractive power, a third lens unit 
of positive refractive power, a fourth lens unit of 
negative refractive power and a fifth lens unit of 
O ' positive refractive power, in which the shaking of a 

CH photographed image caused by the vibration of the zoom 

\S lens is corrected by moving the fourth lens unit in a 

fin direction perpendicular to the optical axis. 

i 

- In Japanese Laid-Open Patent Application No. Hei 

-=J 

Jg 5-232410, there has been proposed a telephoto-type zoom 

hJ 

1^ lens comprising four lens units, i.e., in order from the 

y object side, first to fourth lens units of positive, 

negative, positive and positive refractive powers, 
respectively, in which the image stabilization is 
performed by moving the second lens unit in a direction 
perpendicular to the optical axis. 

In Japanese Laid-Open Patent Application No. Hei 
7-152002, there has been proposed a zoom lens comprising 
four lens units, i.e., in order from the object side, 
first to fourth lens units of negative, positive, 
negative and positive refractive powers, respectively, in 
which the image stabilization is performed by moving the 
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third lens unit in a direction perpendicular to the 
optical axis. 

In Japanese Laid-Open Patent Application No. Hei 
7-199124, there has been proposed a variable 
magnification optical system comprising four lens units, 
i.e., in order from the object side, first to fourth lens 
units of positive, negative, positive and positive 
refractive powers, respectively, in which the image 
stabilization is performed by moving the whole of the 
third lens unit in a direction perpendicular to the 
optical axis. 

In general, the method of obtaining a stationary 
image by disposing an image stabilizing optical system in 
front of a photographing system and driving and 
controlling a movable lens unit that is a part of the 
image stabilizing optical system to prevent the shaking 
of a photographed image causes such a problem that the 
whole apparatus becomes large in size and a moving 
mechanism for moving the movable lens unit becomes 
complicated. 

In an optical system in which the image 
stabilization is performed by means of a variable angle 
prism, a problem arises in that the amount of occurrence 
of decentering lateral chromatic aberration becomes 
large, in particular, on the telephoto side during the 
image stabilization . 

On the other hand, in an optical system in which 
the image stabilization is performed by causing a lens 
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unit that is a part of a photographing system to decenter 
in a direction perpendicular to the optical axis, 
although there is such an advantage that it is 
unnecessary to provide a specific optical system used for 
the image stabilization, a problem arises in that a space 
is required for the lens unit to be moved and the amount 
of occurrence of decentering aberration during the image 
stabilization becomes large. 

In the four-unit zoom lens composed of four lens 
units of positive, negative, positive and positive 
refractive powers, respectively, in which the image 



stabilization is performed by moving the front lens 
subunit of positive refractive power of the fourth lens 
unit in a direction perpendicular to the optical axis, as 
proposed in Japanese Laid-Open Patent Application No. Hei 
7-92431, the front lens subunit of positive refractive 
power serving as an image-stabilizing lens unit has a 
relatively large effective diameter, and, as a result, 
there is a tendency for the image-stabilizing lens unit 
to become large and heavy to increase the size of a 
driving mechanism for the image-stabilizing lens unit. 

In the five-unit zoom lens composed of five lens 
units of positive, negative, positive, negative and 
positive refractive powers, respectively, in which the 
image stabilization is performed by moving the fourth 
lens unit in a direction perpendicular to the optical 
axis, as proposed in Japanese Laid-Open Patent 
Application No. Hei 10-90601, since the fourth lens unit 
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is a lens unit arranged to move in the optical axis 
direction during the variation of magnification, there is 
a tendency for a driving control mechanism for the fourth 
lens unit to become complicated. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
zoom lens having an image stabilizing function suited for 
the so-called four-unit zoom lens, in which the shaking 
of a photographed image is corrected by driving a lens 
unit that is a part of the zoom lens to decenter in a 
direction perpendicular to the optical axis, and each 
lens element of the zoom lens is appropriately set to 
reduce the size of the image-stabilizing lens unit and to 
correct well the various aberrations and decentering 
aberration. It is another object of the invention to 
provide a photographing apparatus having the above zoom 
lens . 



an aspect of the invention, there is provided a zoom lens 
comprising, in order from an object side to an image 
side, a first lens unit of positive refractive power, a 
second lens unit of negative refractive power arranged to 
move during variation of magnification, a third lens unit 
arranged to compensate for shift of an image plane due to 
the variation of magnification, and a fourth lens unit of 
positive refractive power, wherein the fourth lens unit 
has a first lens subunit of negative refractive power, 



To attain the above objects, in accordance with 
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and an image is displaced by moving the first lens 
subunit in such a way as to have a component 
perpendicular to an optical axis of the zoom lens. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, the first lens subunit 
consists of one positive lens and one negative lens. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, the first lens subunit 
consists of one positive lens and two negative lenses. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, the fourth lens unit further 



has a second lens subunit of positive refractive power on 
the image side of the first lens subunit. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, the third lens unit is of 
positive refractive power, and the fourth lens unit 
consists of, in order from the object side to the image 
side, the first lens subunit of negative refractive power 
and the second lens subunit of positive refractive power. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, the following condition is 
satisfied: 

a T - a < -0.45 

where a is a converted inclination angle of incidence on 
a lens surface on the most object side of the first lens 
subunit, and a ? is a converted inclination angle of exit 
from a lens surface on the most image side of the first 
lens subunit. 
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In accordance with a preferred aspect of the 
invention, in the zoom lens, the fo/lowing condition is 
satisfied : 

vn(4S) - vp(4S) > 1/0 
where vn(4S) is, when the first lens subunit includes 
only one negative lens, an Abbe /number of material of the 
negative lens included in the first lens subunit or, when 
the first lens subunit include's a plurality of negative 
lenses, a mean value of Abbe numbers of material of all 
the negative lenses included/ in the first lens subunit, 
and vp(4S) is, when the fir/t lens subunit includes only 
one positive lens, an Abbe /number of material of the 
positive lens included in ithe first lens subunit or, when 
the first lens subunit includes a plurality of positive 
lenses, a mean value of Abbe numbers of material of all 
the positive lenses included in the first lens subunit. 



In accordance with a preferred aspect of the 
invention, in the zoom lens, the following condition is 
satisfied: 

vp(4R) - vn(4R) > 10 
where vp(4R) is, when the second lens subunit includes 
only one positive lens, an Abbe number of material of the 
positive lens included in the second lens subunit or, 
when the second lens subunit includes a plurality of 
positive lenses, a mean value of Abbe numbers of material 
of all the positive lenses included in the second lens 
subunit, and vn(4R) is, when the second lens subunit 
includes only one negative lens, an Abbe number of 
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material of the negative lens included in the second lens 
subunit or, when the second lens subunit includes a 
plurality of negative lenses, a mean value of Abbe 
numbers of material of all the negative lenses included 
in the second lens subunit. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, an image forming 
magnification of the second lens unit varies within a 
range including -lx during the variation of 
magnification, an image forming magnification of the 
third lens unit varies within a range including -lx 
liuFffi^T:He ^variation of magnification, and the following 
conditions are satisfied: 
5 < Z2 

0.15 < Z2 / Z 

where Z2 is a rate of variation of lateral magnification 
of the second lens unit, and Z is a zoom ratio of the 
zoom lens. 

In accordance with a preferred aspect of the 
invention, in the zoom lens, an extender conversion 
optical system for varying the focal length of the zoom 
lens is insertably and detachably disposed in a position 
on the image side of the first lens subunit. 

In accordance with another aspect of the 
invention, there is provided a photographing apparatus, 
comprising a zoom lens comprising, in order from an 
object side to an image side, a first lens unit of 
positive refractive power, a second lens unit of negative 
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refractive power, a third lens unit of positive 
refractive power and a fourth lens unit of positive 
refractive power, wherein the fourth lens unit has a 
first lens subunit of negative refractive power, and an 
image is displaced by moving the first lens subunit in 
such a way as to have a component perpendicular to an 
optical axis of the zoom lens, and a casing holding the 
zoom lens. 

These and further objects and features of the 
invention will become apparent from the following 
detailed description of preferred embodiments thereof 



taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Fig. 1 is a sectional view showing the 
construction of a zoom lens at the wide-angle end 
according to a numerical example 1 of the invention. 

Figs. 2A to 2D are aberration diagrams showing 
the various aberrations at the wide-angle end in the zoom 
lens according to the numerical example 1 of the 
invention. 

Figs. 3A to 3D are aberration diagrams showing 
the various aberrations at the focal length f of 69.79 mm 
in the zoom lens according to the numerical example 1 of 
the invention. 

Figs. 4A to 4D are aberration diagrams showing 
the various aberrations at the focal length f of 257.37 
mm in the zoom lens according to the numerical example 1 
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of the invention. 

Figs. 5A to 5D are aberration diagrams showing 
the various aberrations at the telephoto end in the zoom 
lens according to the numerical example 1 of the 
invention. 

Figs. 6A to 6C are aberration diagrams showing 
lateral aberrations at the wide-angle end in the zoom 
lens according to the numerical example 1 of the 
invention. 

Figs. 7A to 7C are aberration diagrams showing 
lateral aberrations at the focal length f of 69.79 mm in 
the zoom lens according to the numerical example 1 of the 
invention . 

Figs. 8A to 8C are aberration diagrams showing 
lateral aberrations at the focal length f of 257.37 mm in 
the zoom lens according to the numerical example 1 of the 
invention. 

Figs . 9A to 9C are aberration diagrams showing 
lateral aberrations at the telephoto end in the zoom lens 
according to the numerical example 1 of the invention. 

Figs. 10A to IOC are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 3.00 mm at the wide-angle end in the zoom 
lens according to the numerical example 1 of the 
invention. 

Figs. 11A to 11C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 3.00 mm at the focal length f of 69.79 mm in 
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the zoom lens according to the numerical example 1 of the 
invention . 

Figs- 12A to 12C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 3.00 mm at the focal length f of 257.37 mm in 
the zoom lens according to the numerical example 1 of the 
invention. 

Figs. 13A to 13C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 3.00 mm at the telephoto end in the zoom lens 
according to the numerical example 1 of the invention. 

Fig. 14 is a sectional view showing the 
construction of a zoom lens at the wide-angle end 
according to a numerical example 2 of the invention. 

Figs. 15A to 15D are aberration diagrams showing 
the various aberrations at the wide-angle end in the zoom 
lens according to the numerical example 2 of the 
invention. 

Figs. 16A to 16D are aberration diagrams showing 
the various aberrations at the focal length f of 69.79 mm 
in the zoom lens according to the numerical example 2 of 
the invention. 

Figs. 17A to 17D are aberration diagrams showing 
the various aberrations at the focal length f of 257.37 
mm in the zoom lens according to the numerical example 2 
of the invention. 

Figs. 18A to 18D are aberration diagrams showing 
the various aberrations at the telephoto end in the zoom 
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lens according to the numerical example 2 of the 
invention. 

Figs. 19A to 19C are aberration diagrams showing 
lateral aberrations at the wide-angle end in the zoom 
lens according to the numerical example 2 of the 
invention. 

Figs. 20A to 20C are aberration diagrams showing 
lateral aberrations at the focal length f of 69.79 mm in 
the zoom lens according to the numerical example 2 of the 
invent ion - 

Fi gs . 21A to 21C are aberration diagrams showing 

lateral aberrations at the focal length f of 257.37 mm in 
the zoom lens according to the numerical example 2 of the 
invention. 

Figs. 22A to 22C are aberration diagrams showing 
lateral aberrations at the telephoto end in the zoom lens 
according to the numerical example 2 of the invention. 

Figs. 23A to 23C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 1.8 mm at the wide-angle end in the zoom lens 
according to the numerical example 2 of the invention. 

Figs. 24A to 24C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 1.8 mm at the focal length f of 69.79 mm in 
the zoom lens according to the numerical example 2 of the 
invention . 

Figs. 25A to 25C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
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has shifted 1.8 mm at the focal length f of 257.37 mm in 
the zoom lens according to the numerical example 2 of the 
invention . 

Figs. 2 6A to 2 6C are aberration diagrams showing 
lateral aberrations when the image-stabilizing lens unit 
has shifted 1 . 8 mm at the telephoto end in the zoom lens 
according to the numerical example 2 of the invention. 

Fig. 27A is an optical conceptual diagram 
showing an image-stabilizing zoom lens according to the 
invent i on * 

Fig. 27B is an optical conceptual diagram 
showing the image-stabilizing zoom lens when an extender 
conversion optical system is inserted into the fourth 
lens unit. 

Fig. 28 is a conceptual diagram showing the 
construction of a photographing apparatus having an 
image-stabilizing zoom lens according to a further 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, preferred embodiments of the 
invention will be described in detail with reference to 
the drawings . 

First, in a zoom lens having an image 
stabilizing function according to the invention, the 
occurrence of decentering aberration when a lens unit 
that is a part of the zoom lens has been moved to 
decenter in a direction perpendicular to the optical axis 
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will be discussed, from the standpoint of aberration 
theory, on the basis of the method shown by Matsui in the 
23rd Applied Physics Lecture Meeting in Japan (1962) . 



The amount of aberration A'Y of the entire lens 
system occurring when a lens unit p that is a part of the 
photographic lens is parallel-decyentered by a distance E 
becomes the sum of the amount of /aberration AY occurring 
before the parallel-decentering /and the amount of 
decentering aberration AY (E) produced by the parallel- 
decentering, as shown in the equation (a) . Here, the 
amount of decentering aberrat'ion AY (E) is represented, as 



shown in the equation (b) , byy using primary decentering 

coma (HE), primary decentering astigmatism (HIE), 
y * / 

fin primary decentering curvature of field (PE) , primary 

decentering distortion (VE^L) , primary decentering surplus 
distortion (VE2) and primary original point shift AE. 



Also, the various aberrations (HE) to (AE) 

shown in the equations (c) to (h) are represented by 

using aberration coefficients I P , II P , III P , P P and V p of 

the decentering lens unit and aberration coefficients I q , 

II q , IHq, P q and V q of a lens system disposed on the image 

side of the decentering lens unit, where, when the focal 

length of the entire lens system is normalized to "1", an 

incidence angle and an exit angle of an on-axial marginal 

ray of light on and from the decentering lens unit are 

denoted by oc p and a P ? , respectively, and an incidence 

angle of a principal ray passing through the pupil center 

is denoted by cT . 

p 
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Similarly, the amount of chromatic aberration 
AcYa of the entire lens system occurring when the lens 
unit p is parallel-decentered by the distance E becomes 
the sum of the amount of chromatic aberration AcY 
occurring before the parallel-decentering and the amount 
of decentering chromatic aberration AcY(E) produced by 
the parallel-decentering, as shown in the equation (i) . 

Here, the amount of chromatic aberration AcY 
occurring before the parallel-decentering and the amount 
of decentering chromatic aberration AcY(E) produced by 
the parallel-decentering can be expressed by using 
longitudinal chromatic aberration L, lateral chromatic 
aberration T and primary decentering chromatic aberration 
TE, as shown in the equations (j) and (k) . 

Also, the primary decentering chromatic 
aberration TE in the equation (1) can be expressed by 
using chromatic aberration coefficients L p and T p of the 
lens unit p and chromatic aberration coefficients L q and 
T q of the whole lens system disposed on the image side of 
the decentering lens unit, 

A'Y = AY + AY ( E ) (a) 



AY (E) = [R 2 (2+cos2<t>J (HE) 

+ 2R(N 1 tanco) [ {2cos «t> R -<U + cos «t> R + <t>J > (HIE) +cos<D R <D a (PE) ] 
+ (N 1 tan») 2 { (2+20080^) (VE1) - (VE2) }] 

- — L_ {E (AE) } (b) 
2 < 
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(HE) = o£ii q -a p (ll p + H q ) -o£l q+ a p (l p + l q ) (c) 



(HIE) = o£lII q -a p (III p + III q ) -o£lI g +a(II p +II q ) (d) 



(PE) = o< p P g -a p (P p + P q ) (e) 



(VEl) = o^v-a^Vp+v^ - a p iii q + a p (iii p + Hl q ) (f) 



(VE2) = ^-^(Pp + Pg) (g) 



(AE) = -2(0^ - ^) (h)_ 



AcYa = AcY + AcY (E) (i) 



AcY = -— {LRcos<t> D +TN tanco cos6 } (j) 
AcY (E) = -— (TE) (k) 



(TE) = o£T q -CX p (T p+ T q ) -o£L q+ a (L p + L q ) (1) 



Among the above items, the one that represents 
the movement of an image caused by the decentering is the 
primary original point shift (AE) , and the ones that 
influence the image forming performance are the primary 
decentering coma (HE), primary decentering astigmatism 
(HIE), primary decentering curvature of field (PE) and 
primary decentering chromatic aberration (TE) . 

In order to lessen the occurrence of decentering 
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aberration, first, it is necessary to lessen the amount 
of decentering E of the lens unit p, as indicated in the 
equation (b) . 

In order to make the various decentering 
aberrations of the lens unit p shown in the equations (c) 
to (g) very small, it becomes necessary to set each of 
the various aberration coefficients I P , II P , III P , P P and 
V p of the lens unit p to a small value, or it becomes 
necessary to set the various aberration coefficients I P , 
Hp, I Hp, P P and V p in a well-balanced manner in such a 
way as to cancel each other. 

In particular, in order for each of the various 
decentering aberrations shown in the equations (c) to (g) 
to have a small value, it becomes necessary to set the 
converted inclination angles of a paraxial ray incident 
on and exiting from the parallel-decentering lens unit p, 
the tertiary aberration coefficients of the lens unit p, 
and the tertiary aberration coefficients of the whole 
lens unit q disposed on the image side of the lens unit 
p, to the respective appropriate values. 

In other words, in order to eliminate the 
deterioration of a central image occurring when the lens 
unit is parallel-decentered in a direction perpendicular 
to the optical axis, it becomes necessary to correct 
well, mainly, the primary decentering coma shown in the 
equation (c) , and, at the same time, in order to correct 
well one-sided blurring occurring when the lens unit is 
parallel-decentered, it becomes necessary to correct 
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well, mainly, the primary decentering curvature of field 
shown in the equation (d) . 

As a matter of course, it is necessary to 
correct well the other various aberrations. 

In order to make the decentering chromatic 
aberration (TE) shown in the equation (1) very small, it 
becomes necessary to set the chromatic aberration 
coefficients of the lens unit p and the whole lens unit q 
disposed on the image side of the lens unit p, to the 
respective appropriate values. 

The zoom lens having an image stabilizing 
function according to the invention is constructed with 
the above-mentioned points taken into consideration. 

Next, the concrete construction of the zoom lens 
according to an embodiment of the invention will be 
described. 

Fig. 21 A is a conceptual diagram of the zoom 
lens having an image stabilizing function. In Fig. 27A, 
reference character F denotes a focusing lens unit (front 
lens unit) , serving as a first lens unit, of positive 
refractive power. 

Reference character V denotes a variator, 
serving as a second lens unit, of negative refractive 
power for the variation of magnification. The variation 
of magnification from the wide-angle end to the telephoto 
end is effected by moving the variator V monotonically 
toward the image side along the optical axis. 

Reference character C denotes a compensator, 
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serving as a third lens unit, of positive refractive 
power, which is arranged to move nonlinearly toward the 
object side along the optical axis so as to compensate 
for the shift of an image plane caused by the variation 
of magnification. The variator V and the compensator C 
constitute a magnification varying system. Incidentally, 
the compensator C may be of negative refractive power. 
Reference character SP denotes a stop, and reference 
character R denotes a stationary relay lens unit, serving 
as a fourth lens unit, of positive refractive power as a 
who le . Th e relay lens unit R is composed of a lens 
subunit 4F of negative refractive power and a lens 
subunit 4R of positive refractive power. 

As shown in Fig. 27A, an image point I ? formed 
by the lens unit F through the lens unit C does not vary 
in position during the variation of magnification. 
Accordingly, taking into consideration the image forming 
relationship of the relay lens unit R only, the 
arrangement and the paraxial tracing value of the relay 
lens unit R are unvaried irrespective of the variation of 
magnification. Therefore, by disposing the image- 
stabilizing lens unit in a lens unit disposed on the 
image side of the magnification varying lens units and 
arranged to be stationary during the variation of 
magnification, it is possible to prevent the variation of 
the various decentering aberrations due to the variation 
of magnification. 

Further, by using, as the image-stabilizing lens 
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unit, the lens subunit 4F of negative refractive power 
disposed on the object side of the lens subunit 4R of 
positive refractive power, or a lens unit that is a part 
of the lens subunit 4F, it is possible to reduce the 
effective diameter of the image-stabilizing lens unit, 
thereby attaining the reduction in size and weight of the 
image-stabilizing lens unit and the reduction in size of 
the whole image stabilizing device. 

According to the embodiment of the invention, 
the zoom lens further has the following characteristic 
f eature s , ther eb y obt aining the more advantageous 
effects . 



First, the conditions under/ which the image- 
stabilizing lens unit is made small/in size and light in 
weight and is made optimum in term's of optical 
performance will be described in/the following. The 
amount of decentering E4s of thA image-stabilizing lens 
unit required for obtaining a predetermined amount of 
image-shake correction AY on /an image plane is expressed 
by the following equation (m) on the basis of the 
equation (b) with R = 0, co/= 0 and a k ' = 1. 

E4s = -AY //{2(AE)} . . . (m) 



Since the primary original point shift (AE) is 
expressed by the equation (h) , /the amount of decentering 
E4s required for obtaining a necessary amount of image- 
shake correction AY is defined by using a converted 
inclination angle of inciderice a and a converted 
inclination angle of exit (jx 1 of an on-axial marginal ray 
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If the condition (1) is not satisfied, the 
increase of the amount of decentering E4s causes the 
amount of movement of the image-stabilizing lens unit to 
increase rapidly, and, in addition, the effective 
diameter of the image-stabilizing lens unit is increased 
in consideration of the decentering, so that the required 
driving force increases rapidly, resulting in an increase 
in size of the whole mechanism. Further, in association 
with the increase of the amount of decentering E4s, the 
occurrence of decentering aberration becomes large, so 
that the optical performance during the image stabilizing 
operation deteriorates. 

In addition, the image-stabilizing lens unit may 
be composed of one negative lens. However, since, from 
the viewpoint of the equations (c) to (g) , in order to 
correct decentering aberrations caused by the image- 
stabilizing lens unit, it is necessary to appropriately 
control the various shared values of aberration 
coefficients of the image-stabilizing lens unit, it is 
preferable that the image-stabilizing lens unit is 
composed of at least one positive lens and at least one 
negative lens. By this arrangement, it becomes easy to 
control the various shared values of aberration 
coefficients of the image-stabilizing lens unit. Thus, 



- 24 - 




<3 



it becomes easy to correct decentering aberrations, so 
that the various decentering aberrations, such as 
decentering coma and decentering curvature of field, can 
be prevented frpm easily occurring during the image 
stabilizing operation. It is more preferable that the 
image-stabilizing lens unit consists of one positive lens 
and one negative lens or consists of one positive lens 
and two negative lenses. 

Further, from the viewpoint of the equation (2) , 
in order to correct decentering chromatic aberrations 
caused by the image-stabilizing lens unit, it is 



necessary to appropriately control the various shared 
values of chromatic aberration coefficients of the image- 
stabilizing lens unit. 



Accordingly, the zoom lens i^f made to satisfy 
the following condition (2) : 

vn(4S) - vp(4S) > 10 / ...(2) 



lens i^f made to sati; 



where vn(4S) is, when the image-stabilizing lens unit 

includes only one negative lens, a>n Abbe number of 

material of the negative lens included in the image- 

/ 

stabilizing lens unit or, when the image-stabilizing lens 



unit includes a plurality of negative lenses, a mean 
value of Abbe numbers of material of all the negative 
lenses included in the image/stabilizing lens unit, and 
vp(4S) is, when the image-stabilizing lens unit includes 
only one positive lens, an Abbe number of material of the 
positive lens included in the image-stabilizing lens unit 
or, when the image-stabilizing lens unit includes a 
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plurality of positive lenses, /a mean value of Abbe 
numbers of material of all tne positive lenses included 
in the image-stabilizing lenp unit. 

If the condition (2) is not satisfied, it 
becomes difficult to control the various .chromatic 
aberration coefficients of the image-stabilizing lens 
unit. Thus, it becomes difficult to correct decentering 
chromatic aberrations, so that the asymmetry of color 
becomes apt to occur during the image stabilizing 
operation . 

Next, the conditions for the lens subunit 4R 
appropriate in terms of optical performance will be 
described in the following. 

From the viewpoint of the equations (c) to (g) , 
in order to correct decentering aberrations caused by the 
image-stabilizing lens unit, it is necessary to 
appropriately control the various shared values of 
aberration coefficients of a lens unit disposed on the 
image side of the image-stabilizing lens unit. 

Accordingly, if the lens subunit 4R disposed on 
the image side of the image-stabilizing lens unit is not 
made to be composed of at least one positive lens and at 
least one negative lens, it becomes difficult to control 
the various shared values of aberration coefficients. 
Thus, it becomes difficult to correct decentering 
aberrations, so that the various decentering aberrations, 
such as decentering coma and decentering curvature of 
field, become apt to occur. 
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Further, from the viewpoint of the equation (1) , 
in order to correct clecentering chromatic aberrations 
caused by the image-stabilizing lens unit, it is 
necessary to appropriately control the various shared 
values of chromatic aberration coefficients of a lens 
unit disposed on the image side of the image-stabilizing 
lens unit. Accordingly, the zoom lens is made to satisfy 
the following condition (3) : 

vp(4R) - vn(4R) > 10 ...(3) 
where vp(4R) is- when the lens subunit 4R includes only 
one positive lens, an Abbe number of material of the 
positive lens included in the lens subunit 4R or, when 
the lens subunit 4R includes a plurality of positive 
lenses, a mean value of Abbe numbers of material of all 
the positive lenses included in the lens subunit 4R, and 
vn(4R) is, when the lens subunit 4R includes only one 
negative lens, an Abbe number of material of the negative 
lens included in the lens subunit 4R or, when the lens 
subunit 4R includes a plurality of negative lenses, a 
mean value of Abbe numbers of material of all the 
negative lenses included in the lens subunit 4R. 

If the condition (3) is not satisfied, it 
becomes difficult to control the various chromatic 
aberration coefficients of the lens subunit 4R disposed 
on the image side of the image-stabilizing lens unit. 
Thus, it becomes difficult to correct decentering 
chromatic aberrations of the image-stabilizing lens unit, 
so that the asymmetry of color becomes apt to occur 



- 27 - 




-ft* 



during the image stabilizing operation. 

Further, in the zoom lens according to the 
embodiment of the invention, such a high zoom ratio as 
40x or more is attained by effecting the variation of 
lateral magnification with the third lens unit as well as 
the second lens unit. For that purpose, an image forming 
magnification of the second lens unit varies within a 
range including -1* during the variation of 
magnification, an image forming magnification of the 
third lens unit varies within a range including -lx 
during the variation of magnification, and the following 
conditions are satisfied: 

5 < Z2 ... (4) 

0.15 < Z2 / Z ... (5) 

where Z2 is a rate of variation of lateral magnification 
of the second lens unit, and Z is a zoom ratio of the 
zoom lens. 

If the conditions (4) and (5) are not satisfied, 
it becomes difficult to obtain a zoom lens having a high 
variable magnification ratio. 



Further, in the zoom lens^ according to 

embodiment of the invention, an optical system (4E) for 

shifting the range of variable magnification toward the 

/ 

telephoto side or the wide-anoie side may be made to be 
located on the image side of /the image-stabilizing lens 
unit by such a unit switching method as to detachably 

insert a lens unit, such as a built-in extender 

/ 

conversion optical system^. In that instance, it is 
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unnecessary to change the control of ^he i ma< ? e ~ 
stabilizing lens unit before and after the shift of the 

/ 

range of variable magnification. Fig. 27B is an optical 
conceptual diagram showing the zoom lens when the 
extender conversion optical system (focal-length 
conversion optical system) 4E is /inserted in a position 
on the image side of the image-stabilizing lens unit. 
Since, as shown in Fig. 27B, the disposition of lens 
units on the object side of the image-stabilizing lens 
unit does not change before ai>d after the shift of the 
focal length due to the inser/tion or detachment of the 



extender conversion optical system 4E, the amount of 
decentering E of the image-s/tabilizing lens unit required 
for obtaining a desired correction angle 6 also does not 
change, so that it is unnecessary to change the control 
of the image-stabilizing liens unit. 

Next, the construction of each of zoom lenses 
according to numerical examples 1 and 2 of the invention 
will be described. 

Fig. 1 is a sectional view showing the 
construction of a zoom lens at the wide-angle end 
according to the numerical example 1 of the invention. 
In Fig. 1, reference character F denotes a focusing lens 
unit (front lens unit), serving as a first lens unit, of 
positive refractive power. Reference character V denotes 
a variator, serving as a second lens unit, of negative 
refractive power for the variation of magnification. The 
variation of magnification from the wide-angle end to the 
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telephoto end is effected by moving the variator V 
monotonically toward the image side along the optical 
axis . 

Reference character C denotes a compensator, 
serving as a third lens unit, of positive refractive 
power, which is arranged to move nonlinearly toward the 
object side along the optical axis so as to compensate 
for the shift of an image plane caused by the variation 
of magnification. The variator V and the compensator C 
constitute a magnification varying system. 

Reference charac ter SP denote s a sto p, and 
reference character R denotes a stationary relay lens 
unit, serving as a fourth lens unit, of positive 
refractive power as a whole. Reference character P 
denotes a color separation prism, an optical filter or 
the like, which is illustrated as a glass block in Fig. 
1. 

The fourth lens unit is composed of a lens 
subunit 4F of negative refractive power and a lens 
subunit 4R of positive refractive power. The whole lens 
subunit 4F serves as the image-stabilizing lens unit, 
having the function of moving in a direction 
perpendicular to the optical axis for the purpose of 
stabilizing an image. 

The image-stabilizing^ lens unit is composed of 
one negative lens and one positive lens . When a 
converted inclination angle of incidence of a light flux 
on the image-stabilizing lens unit is denoted by a, a 
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converted inclination angle of exit /of a light flux from 
the image-stabilizing lens unit 4S /denoted by a 1 , an Abbe 
number of material of the negative lens of the image- 
stabilizing lens unit is denoted A>y vn(4S), and an Abbe 
number of material of the positwe lens of the image- 
stabilizing lens unit is denoteya by vp(4S), the above- 
mentioned conditions (1) and (^) are satisfied as shown 
by the following values: 

a 1 - ot = -0.5( 

vn(4S) - vp(4s) = 22.7 

(vrf(4S) = 46.6, 
vfc(4S) = 23.9) 



Further, the lens subunit 4R is composed of five 
positive lenses and three negative lenses. When a mean 
value of Abbe numbers of material of the positive lenses 
of the lens subunit 4R is denoted by vp(4R), and a mean 
value of Abbe numbers of material of the negative lenses 
of the lens subunit 4R is denoted by vn(4R), the above- 
mentioned condition (3) is satisfied as shown by the 
following values: 

vp(4R) - vn(4R) = 12.1 

(vp(4R) = 53.5, 
vn(4R) = 41.4) 

Further, the various decentering aberration 
coefficients, factors, etc., corresponding to the above 
equations (c) to (h) and (1) are listed in Table-1 with 
the image-stabilizing lens unit denoted by p, and the 
lens unit disposed on the image side of the image- 
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stabilizing lens unit denoted by q. 

By appropriately setting the converted, 
inclination angles of incidence and exit on and from the 
image-stabilizing lens unit, and the shared values of 
aberration coefficients of the image-stabilizing lens 
unit and the lens unit disposed, on the image side of the 
image-stabilizing lens unit,, it is possible to make the 
decentering aberration coefficients of the image- 
stabilizing lens unit verv r^mall 



Table-1 



Dtp 


1.0492 


Hip 


0.0201 . 


Lq. 


-0.0233 


TE 


-0,0037 


<v 


0.516.7 


Tp 


0.0008 


Tq 


^-0.0025 


HE 


-0.0140 


cT 
p 


-0.1917 


Ip 


-7.6750 


Iq 


. 0.7828 


HIE 


0.0015 


<■ 


-0.2024 


Hp 


1.3426 


Hq 


0.1600 


PE 


0.0017 






Hip 


-0.0682 


IHq 


-0.3485 


VE1 


0.0198 






P P 


-0.0636 


Pq 


0.1221 


VE2 


-0.0135 






v P 


-0.0053 


Vq 


-0.00919 


AE 


1.0651 



The rate of variation Z2 of lateral 
magnification of the second lens unit is 9.21, and the 
zoom ratio Z is 44.1, so that the above conditions (4) 
and (5) are satisfied. 

Figs. 2A to 2D through Figs. 5A to 5D are 
aberration diagrams showing the various longitudinal 
aberrations at the wide-angle end, at the focal length f 
of 69.79 mm, at the focal length f of 257.37 mm and at 
the telephoto end, respectively, in the zoom lens 




according to the numerical example 1. 

Figs. 6A to 6C through Figs, 9A to 9C are 
aberration diagrams showing lateral aberrations, with the 
image height being 0 mm and ±4 mm, at the wide-angle end, 
at the focal length f of 69.79 mm, at the focal length f 
of 257.37 mm and at the telephoto end, respectively, in 
the zoom lens according to the numerical example 1. 

Figs. 10A to IOC through Figs. 13A to 13C are 
aberration diagrams showing lateral aberrations, with the 
image height being 0 mm and ±4 mm, when the image 

_ stabilizing lens unit has shifted at the wide-angle end, 

at the focal length f of 69.79 mm, at the focal length f 
of 257.37 mm and at the telephoto end, respectively, in 
the zoom lens according to the numerical example 1. 

Incidentally, while, in the numerical example 1, 
the image-stabilizing lens unit is composed of the whole 
jn lens subunit 4F, this arrangement may be changed to such 

a construction that the lens subunit 4F, with the number 
of constituent lenses thereof increased, is divided into 
a plurality of lens units and a certain lens unit among 
the plurality of lens units is made to be the image- 
stabilizing lens unit . 

As described above, in the numerical example 1, 
the refractive power arrangement of the entire lens 
system, the arrangement of the magnification varying lens 
units and the arrangement of the image-stabilizing lens 
unit in the fourth lens unit are appropriately set, and 
the lens construction of the image-stabilizing lens unit 



- 33 - 



33 



is also appropriately set. Accordingly, it is possible 
to obtain high optical performance over the entire range 
of variable magnification even during the image 
stabilizing operation . 

Fig. 14 is a sectional view showing the 
construction of a zoom lens at the wide-angle end 
according to a numerical example 2 of the invention. In 
Fig. 14, reference character F denotes a focusing lens 
unit (front lens unit) , serving as a first lens unit, of 
positive refractive power. 

Reference character V denotes a variator, 



serving as a second lens unit, of negative refractive 
power for the variation of magnification. The variation 
of magnification from the wide-angle end to the telephoto 
end is effected by moving the variator V monotonically 
toward the image side along the optical axis. Reference 
character C denotes a compensator, serving as a third 
lens unit, of positive refractive power, which is 
arranged to move nonlinearly toward the object side along 
the optical axis so as to compensate for the shift of an 
image plane caused by the variation of magnification. 
The variator V and the compensator C constitute a 
magnification varying system. 

Reference character SP denotes a stop, and 
reference character R denotes a stationary relay lens 
unit, serving as a fourth lens unit, of positive 
refractive power as a whole. Reference character P 
denotes a color separation prism, an optical filter or 
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the like, which is illustrated as a glass block in Fig, 
■4A. ^^.^ . 



The fourth lens unit is composed of a lens 

subunit 4F of negative refractive power and a lens 

subunit 4R of positive refractive powder. The whole lens 

subunit 4F serves as the image-stabilizing lens unit, 

having the function of moving in a direction 

/ 

perpendicular to the optical axis y)r the purpose of 

stabilizing an image. The image-stabilizing lens unit is 

composed of two negative lenses and one positive lens. 

When a converted inclination angle of incidence of a 

light flux on the image-stabilizing lens unit is denoted 

/ 

by of, a converted inclination angle of exit of a light 
flux from the image-stabilizing /lens unit is denoted by 
of', a mean value of Abbe numbers of material of the 

/ 

negative lenses of the image-stabilizing lens unit is 
denoted by vn(4S), and an Abbe jnumber of material of the 
positive lens of the image-stabilizing lens unit is 
denoted by vp(4S), the above-mentioned conditions (1) and 
(2) are satisfied as shown by /the following values: 

Of' - a = -0 . 84 4 

vn(4S) - vp(4SJ = 12.5 



(vn( 
vp(4 



S) = 40.8, 
S) = 28.3) 



Further, the lens subunit 4R is composed of five 
positive lenses and three negative lenses. When a mean 
value of Abbe numbers of material of the positive lenses 
of the lens subunit 4R is denoted by vp(4R), and a mean 
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value of Abbe numbers of material of the negative lenses 
of the lens subunit 4R is denoted by vn(4R), the above- 
mentioned condition (3) is satisfied as shown by the 
following values: 

vp(4R) - vn<4R) = 11.9 

(vp(4R) = 53.3, 
vn(4R) = 41.4) 
Further, the various decentering aberration 
coefficients, factors, etc., corresponding to the above 
equations (c) to (h) and (1) are listed in Table-2 with 
the image-stabilizing lens unit denoted by p, and the 



lens unit disposed on the image side of the image- 
stabilizing lens unit denoted by q. 

By appropriately setting the converted 
inclination angles of incidence and exit on and from the 
image-stabilizing lens unit, and the shared values of 
aberration coefficients of the image-stabilizing lens 
unit and the lens unit disposed on the image side of the 
image-stabilizing lens unit, it is possible to make the 
decentering aberration coefficients of the image- 
stabilizing lens unit very small. 



- 36 - 



36 



Table-2 



Ofp 


1.0492 


•L P 


0.0244 


Lq 


-0.0270 


TE 


-0.0036 




0.2007 


T P 


0. 0021 


Tq 


-0. 0048 


HE 


0. 0237 


cT 
p 


-0. 1917 


I P 


-8.2768 


Iq 


1.7561 


HIE 


0. 0014 


<* 


-0.2211 


Hp 


1.8845 


Hq 


-0.4273 


PE 


-0. 0547 






Hip 


-0.1049 


I Ilq 


-0.3243 


VE1 


0.0283 






P P 


-0.0796 


Pq 


0. 1628 


VE2 


-0.0200 






V P 


-0. 0155 


Vq 


-0.0018 


AE 


1 . 6971 



The rate Of V3.2ri3.tlOn Z 2 of lateral 

mag nific ation of the second lens un i t is 9.21 , an d t he 
zoom ratio Z is 4 4.1, so that the above conditions (4) 
and (5) are satisfied. 

Figs. 15A to 15D through Figs. 18A to 18D are 
aberration diagrams showing the various longitudinal 
aberrations at the wide-angle end, at the focal length f 
of 69.79 mm, at the focal length f of 257.37 mm and at 
the telephoto end, respectively, in the zoom lens 
according to the numerical example 2. 

Figs. 19A to 19C through Figs. 22A to 22C are 
aberration diagrams showing lateral aberrations, with the 
image height being 0 mm and ±4 mm, at the wide-angle end, 
at the focal length f of 69.79 mm, at the focal length f 
of 257.37 mm and at the telephoto end, respectively, in 
the zoom lens according to the numerical example 2. 

Figs. 23A to 23C through Figs. 26A to 26C are 
aberration diagrams showing lateral aberrations, with the 
image height being 0 mm and ±4 mm, when the image 
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stabilizing lens unit has shifted at the wide-angle end, 
at the focal length f of 69.79 mm, at the focal length f 
of 257.37 mm and at the telephoto end, respectively, in 
the zoom lens according to the numerical example 2. 

Incidentally, while, in the numerical example 2, 
the image-stabilizing lens unit is composed of the whole 
lens subunit 4F, this arrangement may be changed to such 
a construction that the lens subunit 4F, with the number 
of constituent lenses thereof increased, is divided into 
a plurality of lens units and a certain lens unit among 

the plurality of lens units is made to be the image- 

■w - - - - - - - — ■ • — - - - - - 

JL: stabilizing lens unit. 

2^ As described above, in the numerical example 2, 

& the refractive power arrangement of the entire lens 

* system, the arrangement of the magnification varying lens 

J3 units and the arrangement of the image-stabilizing lens 

m unit in the fourth lens unit are appropriately set, and 

r. — p 

q the lens construction of the image-stabilizing lens unit 

is also appropriately set. Accordingly, it is possible 
to obtain high optical performance over the entire range 
of variable magnification even during the image 
stabilizing operation. 

Next, numerical data of the numerical examples 1 
and 2 of the invention are shown. In the numerical data 
of the numerical examples 1 and 2, ri is the radius of 
curvature of the i-th lens surface, when counted from the 
object side, di is the i-th lens thickness or air 
separation, when counted from the object side, and ni and 
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vi are respectively the refractive index and Abbe number 
of glass of the i-th lens element, when counted from the 
object side. 

In the numerical examples 1 and 2, the last two 
lens surfaces constitute a glass block, such as a face 
plate or a filter. 

Numerical Example 1 : 





f= 


9 . 99978 


Fno= 1 


: 1 . 8 - 3 . 


3 


2o= 


57.6° - 


1.4° 








r 1= 


262 . 527 


d 1= 


5 . 50 


n 


1= 1 


.83932 


v 1= 


37 . 


2 




r 2= 


148 . 600 


d 2= 


0.20 








■- 






m 


r 3= 


146 . 720 


d 3= 


19.47 


n 


2= 1 


. 43496 


v 2= 


95 . 


1 


%o 

in 


r 4= 


1711.919 


d 4= 


11.35 
















r 5= 


446 . 535 


d 5= 


12 . 04 


n 


3= 1 


.43496 


v 3= 


95 . 


1 


s 


r 6= 


-528 . 168 


d 6= 


0 . 07 














frj 


r 7= 


-522 . 929 


d 7= 


5. 00 


n 


4= 1 


. 77621 


v 4= 


49. 


6 




r 8= 


-7601 . 809 


d 8= 


0.30 
















r 9= 


189.702 


d 9= 


18.57 


n 


5= 1 


.43496 


v 5= 


95. 


1 




rlO= 


-890.210 


dl0= 


0.30 














rll= 


150.001 


dll= 


11 . 18 


n 


6= 1 


.49845 


v 6= 


81. 


6 


rl2= 


393.239 


dl2= 


Variable 
















rl3= 


521.146 


dl3= 


2.00 


n 


7= 1 


.77621 


v 7= 


49. 


6 




rl4= 


53.105 


dl4 = 


4.73 
















rl5= 


-148 . 563 


dl5= 


1 . 80 


n 


8= 1 


.77621 


v 8= 


49. 


6 




rl6= 


51 .373 


dl6= 


6.72 
















rl7= 


-66.261 


dl7= 


1.80 


n 


9= 1 


.79025 


v 9= 


50. 


0 




rl8= 


47.388 


dl8= 


7.80 


nl0= 1 


.93306 


vl0= 


21. 


3 




rl9= 


-366. 607 


dl9= 


Variable 
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r20= 


633 . 050 


d20= 


6.36 


nll= 


1 


. 43985 


vll= 


95 


. 0 


r21= 


-113 . 045 


d21= 


0 . 30 














r22= 


201 . 150 


d22= 


2 . 50 


nl2= 


1 


. 65223 


vl2= 


33 


. 8 


r23= 


53 . 110 


d23= 


13 . 60 


nl3= 


1 


. 59143 


v 13= 


61 


. 2 


r24 = 


-155 . 230 


d24= 


0 .20 














r25= 


131 . 701 


d25= 


13 . 00 


nl4= 


1 


. 62032 


vl4= 


63 


. 4 


r26= 


-75 . 433 


d2 6= 


2 . 50 


nl5= 


1 


. 85501 


vl5= 


23 


. 9 




ice r\ *i a 

-155 . 034 


JOT 

d27= 


0.20 














r28= 


95 . 626 


d28= 


4.25 


nl 6= 


1 


.48915 


vl6= 


70 


. 2 


r29= 


293 . 766 


d2 9= 


Variable 














r30= 


(Stop) 


d30= 


3.29 


- • • 




• - - - — 


— - --• • 




— 


r31 = 


-106 . 669 


d31= 


1.80 


nl7= 


1 


. 82017 


vl7= 


46 


. 6 


r32= 


47 . 175 


d32= 


0.18 














r33= 


38 . 336 


d33= 


3 . 81 


nl8= 


1 


. 85501 


vl8= 


23 


. 9 


r34= 


100 . 002 


d34 = 


5 . 39 














r35= 


-30 . 196 


d35= 


1 . 60 


nl 9= 


1 


.73234 


vl9= 


54 


. 7 


r36= 


26 . 193 


d36= 


17 . 64 


n2 0= 


1 


. 57047 


v20= 


42 


. 8 


r37= 


-28 . 031 


d37= 


19.00 














r38= 


-99.571 


d38= 


5.20 


n21= 


1 


.51977 


v21= 


52 


. 4 


r39= 


-27.773 


d39- 


0.20 














r40= 


-36 . 155 


d4 0= 


2.20 


n22= 


1 


. 79013 


v22= 


44 


.2 


r41= 


35 . 022 


d41= 


7 . 02 


n23= 


1 


. 55099 


v23= 


45 


. 8 


r42= 


-61 . 501 


d42= 


1 . 10 














r43= 


78 . 384 


d4 3= 


7 . 60 


n24= 


1 


.48915 


v24= 


70 


.2 


r44= 


-32.064 


d44= 


2.20 


n2 5- 


1 


.81265 


v25= 


25 


.4 


r45= 


-69.443 


d4 5= 


0.20 














r4 6= 


73.620 


d4 6= 


4 .59 


n2 6= 


1 


.50349 


v26= 


56 


.4 


r47= 


-82.081 


d47= 


5.00 
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4* *» 

r48= ~ d48= 50.00 n27= 1.51825 v27= 64.2 

r49= ~ 



Variable 




Focal 


Length 








Separation 


10 


.00 


69 


.79 


257. 


.36 


441. 


.09 


dl2 


2 


.37 


92 


.37 


115. 


.87 


121. 


.38 


dl9 


176 


20 


67 


.02 


19. 


71 


0. 


.14 


d29 


3. 


30 


22 


.48 


46. 


29 


60. 


36 



Q 

m 



Numerical Example 2: 
— f=-roVWO(H)^ FrTd^^lTlTT 



r 1= 
r 2= 
r 3= 



262.527 
148 . 600 
146.720 



r 4= 1711.919 
r 5= 446.535 
r 6= -528.168 
r 7= -522.929 
r 8=-7601.809 
r 9= 189.702 
rl0= -890.210 
rll= 150.001 
rl2= 393.239 
rl3= 521.146 
rl4= 53.105 
rl5= -148.563 
rl6= 51.373 
rl7= -66.261 



d 1= 5.50 
d 2= 0.20 
d 3= 19.47 
d 4= 11.35 
d 5= 12.04 
d 6= 0.07 
d 7= 5.00 
d 8= 0.30 
d 9= 18.57 
dl0= 0.30 



3.1 

n 1= 



2co= 57. 6 C 
= 1.83932 



n 2= 1.43496 



n 3= 1.43496 



n 4= 1.77621 



n 5= 1.43496 



n 6= 1.49845 



dll= 11.18 
dl2= Variable 

dl3= 2.00 n 7= 1.77621 
dl4= 4.73 

dl5= 1.80 n 8= 1.77621 
dl6= 6.72 

dl7= 1.80 n 9= 1.79025 



1.4° 
v 1= 37.2 

v 2= 95.1 

v 3= 95.1 

v 4= 49.6 

v 5= 95.1 

v 6= 81.6 

v 7= 49.6 

v 8= 49.6 

v 9= 50.0 
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HI 



rl8= 


47 . 388 


dl8= 


7.80 


nl0= 


1 . 


93306 


v 10= 


21 . 


3 


rl9= 


-366 . 607 


dl9= 


Variable 














r20= 


633 . 050 


d2 0= 


6.36 


nll = 


1 . 


43985 


vll= 


95 . 


0 


r21= 


-113 . 045 


d21= 


0 . 30 














r22= 


201 . 150 


d22= 


2 . 50 


nl2= 


1 . 


65223 


vl2= 


33 . 


8 


r23= 


53 . 110 


d23= 


13.60 


nl3= 


1 . 


59143 


vl3= 


61 . 


2 


r24 = 


-155 .230 


d24 = 


0.20 














r25= 


131 .701 


d25= 


13.00 


nl4= 


1 . 


62032 


vl4 = 


63 . 


4 


r2 6= 


-75.433 


d2 6= 


2 . 50 


nl5= 


1 . 


85501 


v 15= 


23 . 


9 


r27= 


-155 . 034 


d27= 


0.20 














r28= 


95 . 626 


d28= 


4 . 25 


nl6= 


1 . 


48915 


vl6= 


70 . 


2 


* " = ~ r2 9= 


= 2 9 3 .7 66 


d29= 


Variable 














r30= 


(Stop) 


d30= 


3.29 














r31= 


-98 . 009 


d31= 


1.80 


nl7= 


1 . 


88814 


v 17 = 


40 . 


8 


r32= 


42.998 


d32= 


0.20 














r33= 


30 . 611 


d33= 


9.58 


nl8= 


1 . 


74 618 


v 1 8 = 


28 . 


3 


r34= 


-32 . 609 


d34= 


1.80 


nl9= 


1 . 


88814 


v 1 9= 


40 . 


8 


r35= 


96.858 


d35= 


7.48 














r36= 


-42 . 629 


d3 6= 


1 . 60 


n20= 


1 . 


73234 


v20= 


54 . 


7 


r37= 


27 . 958 


d37= 


15.00 


n21= 


1 . 


57047 


v21 = 


42 . 


8 


r38= 


-33 . 727 


d38= 


19.00 














r39= 


-166 .259 


d39= 


4 . 99 


n22= 


1 . 


48915 


v22 = 


70 . 


2 


r40= 


-28.835 


d4 0= 


0.20 














r41= 


-36 . 82 6 


d4 1= 


2.20 


— o o 

n23= 


1 . 


79013 


v23= 


44 . 


2 


r42= 


63.095 


d42= 


6.18 


n24= 


1 . 


50349 


v24 = 


56. 


4 


r43= 


-47.677 


d43= 


1.10 














r44= 


81.999 


d44= 


8.25 


n25= 


1 . 


55099 


v25= 


45. 


8 


r45= 


-29.154 


d45= 


2.20 


n2 6= 


1 . 


81265 


v26= 


25. 


4 
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92. 



r46= 
r47= 
r48= 
r49= 
r50= 



-92.720 
73. 620 
-82.081 



d4 6= 0.20 
d47= 5.00 
d48= 5.00 
d4 9= 50.00 



n27= 1.51977 



n28= 1.51825 



v27= 52.4 



v28= 64.2 



Variable 
Separation 


Focal Length 


10.00 


19.49 


69.79 


257.37 


441 . 10 


dl2 
dl9 
d2 9 


2.37 
176.20 
3.30 


44.37 
129.14 
8 . 36 


92.37 

67 = 02 
22.48 


115.87 
19.71 
4 6.29 


121.38 
0.14 
60.36 



y £ 

m Next, a photographing apparatus having a zoom 

lens including the image-stabilizing lens unit as 

Q 

; n described above, according to another embodiment of the 

Lz invention, will be described with reference to Fig. 28, 

which is a schematic diagram showing the photographing 
apparatus. In Fig. 28, reference numeral 1 denotes a 
photographing optical system using a zoom lens according 
to the embodiment of the invention, reference numeral 2 
denotes a photoelectric conversion means such as a CCD, 
and reference numeral 3 denotes a photographing apparatus 
body (casing) . By applying the zoom lens having the 
image-stabilizing lens unit according to the embodiment 
of the invention to the photographing optical system of 
the photographing apparatus, as described in the 
foregoing, it is possible to realize a photographing 
apparatus which is compact and has high optical 
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is 



performance even during the image stabilizing operation. 

As described above, according to the invention, 
it is possible to attain a zoom lens having an image 
stabilizing function suited for the so-called four-unit 
zoom lens, in which the shaking of a photographed image 
is corrected by driving a lens unit that is a part of the 
zoom lens to decenter in a direction perpendicular to the 
optical axis, and each lens element of the zoom lens is 
appropriately set to reduce the size of the image- 
stabilizing lens unit and to correct well the various 
aberrations and decentering aberration. 



so-called four-unit zoom lens, the refractive power 
arrangement of the entire lens system, the arrangement of 
the magnification varying lens units and the arrangement 
of the fourth lens unit are appropriately set. 
Accordingly, it is possible to attain a zoom lens having 
an image stabilizing function with the whole mechanism 
therefor reduced in size and weight and having high 
optical performance over the entire range of variable 
magnification even during the image stabilizing 
operation. 



In addition, according to the invention, in the 
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